I -INTRODUCTION
In the last few years, many investigations have been devoted to the processing of ceramics for structural applications. Tetragonal zirconia is one of the most promissing candidate in this domain as reported during the two last conferenceson the IrScience and Technology of Zirconia" /1,2/.
Achievement of the best mechanical propertie's requires the production of dense materials, while keeping the grain size to a small value 13-5/. Thus, fine zirconia powders with narrow size distribution must be used and the yttrium oxide content lies generally between 2 and 3 mol.% Y2O3 approximately. In the present work, the natural sintering of three zirconia powders prepared according to several routes has been investigated. The influence of the precursors on the microstructure of ceramic specimens during and after firing has been described.
I1 -POWDER SYNTHESIS
The first powder (A) has been obtained using a coprecipitation method from a solution of zirconium sulfate and yttrium nitrate. After a calcination at 1150°C, the solid was ball-milled in alcohol / 6 / . The f i~a l powder is characterized by a very small crystallite size, of the order of 300 A, and by a large amount of monoclinic phase, about 70% instead of 18% before milling. Another powder (B) also issues from a coprecipitation using chlorides or ox:~chlorides solutions 171. The process does not necessitate a ball-milling of the soft agglomerates. The X-ray diffraction pattern indicates a lower content of monoclinic phase, of the order of 38%. The powder C has been produced after hydrolysis of a zirconyl nitrate solution / 6 / . The amorphous zirconia is washed, dispersed into an ~ttrium nitrate solution with an appropriate concentration and spray-dried. After calcination at 1000"C,Qthe powder is ball-milled in alcohol. The mean crystallite size is then about 200 A and the percentage of monoclinic phase increases to 75%. of density down to only 5.24 for samples sintered at 1600°C (Fig. 2) . In the same temperature range, thermogravimetry and mass spectrometry reveal a noticeable exhaust of gaseous species from the powder arising from the decomposition of residual sulfates which did not decompose during the calcination process. From the weigh loss of powder A between 1400 and 1600°C ( 0.38 wt.%), the residual pressure in the ceramic at 1600°C has been estimated on assuming that the gases are constrained, as S02 species, in the closed pore volume deduced from the density measurements. Such a pressure reaches the large value of 30 MPa. It should explain the formation of a new porosity at high temperature, owing to the increasing plasticity of the ceramic, (Fig. 3 ) and the swellings observed by microscopy (Fig. 4 ) . Fig. 6 . The mean grain size does not exceed the average critical value reported by Lange 131 for the retention of the metastable tetragonal Zr02 phase at room temperature, i.e.wlp for a content of 3 mol.% Y2O3. Larger grains transform during cooling from the tetragonal to the monoclinic phase and can induce microcracking in the ceramic specimens. This is probably one of the origins of the density decrease (Fig. 2) for the ceramics heated at temperatures higher than 1 5 0 0°C and cooled to room temperature. A new porosity is observed and the equivalent pore size distribution is larger than before and during densification (Fig. 3) . 
IV -CONCLUSION
The three zirconia powders used in this study are characterized by relatively low sintering temperatures (-1500°C). Dense TZP ceramics with small grain sizes (<lpm) have been obtained. For temperatures higher than 1500°c, the behaviour of the specimens is dependent on the nature of the precursors used for the zirconia powder synthesis and on the process itself. When the distribution of yttrium oxide is heterogeneous, irregular grain growth can occur which induces microcracking during cooling the ceramic. Moreover, in the case of sulfate precursors, gas desorption phenomena are observed up to 1600°C. They give rise to a rapid decrease of density at high temperature.
